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P•ERMISSIBLE CONTAMINATION 1IMTS AND INSPECTION CRITERIA
FOR LIQUID OXYGEN, LIQUID NITROG1ZN. RP-I FUEL.

GASEOUS OXYGEN. GASEOUS NITROGEN,
INSTRUMENT AIR AND HELIUM, COMPONENTS AND i :NDLING SYSTEMS

1. PURPOSE. To establish a document for incorporation into Air Force

Ballistic Missile program contracts which will provide a standard

exhibit outlining the cleanliness criteria, and inspection procedures to

assure the desired cleanliness level of components and systems handling liquid

oxygcn, liquid nitrogen, gaseous nitrogen. helium . ad RP-1 fuel utilized in

ballistic missiles.

Z. SCO,?E. This revision to AFBS 61-3 applies only to Air Force Ballistic

Systems Division and to all Air Force contractors involved in, or required

to support, that phase of activation for Air Force Ballistic Missile programs

from BOD to TAD. In those cases where SATAF Commanders must exercise

a judgment factor upon acceptance of Propellant Loading Systems at or prior

2o BOD, there shall be no instances where Propellant Loading Systems will be

accepted (by a blow down test) if any solid particles exceed 1000 microns in

their greatest uimension.

3. COORDINATION. This exhioit has been coordinated by Staff and Weapon,

System Program Offices of BSD.

4. IMPLEMENTATION. Existing contracts will be amended to replace pre-

sent contractual documcnts as rapidly an po~sible consistent with the best

interests of the Government, and no delay to prov'isioning and procurement.

5. DISTRIBUTION. Additional copies of this exhibit may be requisitioned

from the Air Force Ballistic Systems Division (AFSC). attention of DCLMT.

'%Vi LIJAM .SNAE ;

Deputy for Tk- :hnical Development
Hq Ballistic Systems Division (AFSC)

:1
I . ..---
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1.0 SCOPE.

This exhibit covers:

a. The inspection procedures and permiss:ble contamination limits for
individual components of liquid oxfgen, liquid nitrogen, RP- 1 Fuel and ser-vice gas handling systems of all weapon systems utilizing LOX and RP- 1.

b. The inspection procedures and permissible contamination limits for
complete liquid oxygen. liquid nitrogen, RP-1 fuel. and service gas
handling systems, (ground systems only).

c. The inspection procedures and permissible contamination limits for
supporting and maintenance activities, including MAMS. the LOX
generating facility, and fluid servicing equipment.

LO APPLICABLE PUBLICATIONS AND DEFINITIONS.

a. Military Specifications:

MIL-P- 27401 Propellant, Nitrogen, Pressurizing,
7 November 1960

MIL-T-2760Z Missile Grade Trichloroethylene,
I May 1961

MIL-?-Z5rln8 Propellant Oxygen,
7 November 1960

MIL-R-Z5576 Fuel; Rocket Engine. Grade RP-l.
Z3 January 1959

b. Bureau of Mines Standard for Helium:

Grade A 99.995% Pure

c. Filter Rating,

Absolute filter rating spccifi..- removal of all particles and

fibers whose smallest diametcr it larger than the specified pore

size for the filter.

d. Demineralized Water.

For purposes of this specification, dernineralized water is

d", , ' .'if .z h.ilk rnax*.rum of 20 ppm by weight
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suspended and dissolved solids, Hoi 5.5 to 9.0. The water &hall

be filtered through a filter with an absolt-,, rating of 40 microns.

a. St_ aOrm.

A collection of components assembled in such a manner as to

allow t?. :- interact with each other to perform some speciiied

function.

L Components.

A component is an integral unit, portion, of an assembly or

system. Examples are tubes, ducts, L. nks, valves, actuators,

reservoirs, accumulators, etc.

4 . Fiber.

A fiber is defined as any material having a diameter of 40

microns or less and a length to diameter ratio of approximately

10:1.

h. Solid Particle.

A solid particle is defined as any solid ,raterial which cannot

be classified as a fiber. The size of a solid particle shall be

determined by its largest dimension.

i. Test Fluids.

When oxygen, nitrogen. helium, RP- I or othcr fluids are used

as inspection test flui.ds, they shall comply with the latest issue of

the applicable specifications listed 'n pzragraph Z. Fluids should

be filk red through a 40 micron absolute rated (ilter, or smaller,

before being introduced into components or systems being tcgt-d.

and shall conform -, the use limits conta-Lined in section 5b.

3.0 COMPONENT INSPECTION.

Cleanliness of components shall be vcriiied by the ?rocedures of

Irns;ection Numo.erG 1. 2, and 3. - specifiecd hclow. Whcrwver possible,

Inspection Number I (utilizing t"Ic solvent rinse rnethod) shall be used

for detecting particle size and quantity. Inspection Numbcr 4 shall be

U,
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resorted to as a means of inspection only in those instances where

Inspections Number I and 3 are impossible or imptactical. If a corn-

ponont fails to pass inspection, the component sha" be recle.ned.

Inspection Number 5 shall be conducted as a referee inspection, by

depot or other qualified tcsting agency, where the level of hydrocarbon

contamination is questioned after completion of Inspections Number 3

or Number 4. The results from Inspection Number 5 shall be final

and binding where any differcncc occurs in the interpretation of the

results of Inspections Number 3 or Number 4. Only components of

LOX, N 2 and helium systems will be inspected for hydrocarbon

contamination. Total hydrocarbon contamination permitted shall be as

specified in Inspection Number 5.

a. Poermissible Contamination Limits for All Components:

(1) Cleanbness Ascertained by Flush or Solvent Rinse Tests:

LOX and RP-1

Solid Particles Size Microns Number

300-500 25 per sq ft area

500-1000 5 per sq ft area

Greater than 1000 0

Fibers 750-2000 length 50 pcr sq ft area
Z000-6000 length 5 per sq ft area

Greater than 6000 0

Total Solid: and ?ihe;'8: 5.0 milligrams per
sq ft

Gascoia. Ni.ro-on. Insrrumcnt Air, and Helium:

Solid Particles SI7.C Microno Number

300-500 15 per sq ft area

Greater than 500 0
Total • . • •

Total S.olicds and F~iber'i: 2.0 mnillagrarns per
sq C
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(Z) Cleanliness Ascertained by Wi•e_•-.st I...-..-i,_(!a'cly Aftcr
Cleaning or Pricir o Pac•agmng ni2ta"ltion:

No particles greater than 300 micron size.

No fibers grcater th;,r ,40 rricron dia r, tcr x 4000 micron
length.

No hydrocarbons, (see paragraph 3d).

(3) Cleanliness Ascertained by Wipe Test After Initial Acceptance
and Installation:

LOX and RP-1:

No particles greater than 750 micron size.

No fibers ,reater than 40 micron dizimctcr x 6000
micron length.

No hydrocarbons, (see paragraph 3d). (LOX only).

Gasous Ntrogen, Instrument Air, and I-Ilium:

No particles greater than 400 micron size.

No particles greater thaa, 40 micron diameter x 6000
micron length.

No hydrocarbons, (see paragraph 3d).

b. Inspection No. 1 - Particuilate Inspection:

Inspection of cleaned components shall be performed by solvent

rinse method where possible. This will generally be accomplished

during the final clcar*. rig stages and just prior to the drying opera-

tion. The effluent shall be examinee" fo." particles by the Millipore

method, or equivalent methoc. For this purp•.ose the finai solvent

rinse shall be performed with filtered trichloroethylene. deminer-

alized water or equivalent, uting a meat;ured amount of 200

milliliters of rinse fluid per .aqiare foot of component inner (or

effective) surface for the rinsec. Any -omponent havirg less than

one (1) square foot of internal surface area will be considered as

being one square foot. The solvent rinse shall be performed by

either sloshing or agitating the fluid around the inside surface of

--n 4
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Effluent. which ccrtain any -,rLi,:leC in CXCeC3 of the criteria

applicable in priria-raph 3a (I) sh',,. cai, cor•yu gent rcclcanang and

and rainsp•ction.

c. Inspection No. 2 - Vi!ual.

All cquipmeat, pipes and component;. shall be exarnind for

evidence of corrosion products, metal chips, scale, weld scae.c

oil, grease, paints, preservatives, decals or other contamination

or foreign matter. The use of special devices to visually examnine

normally inaccessible areas of vessels and pipe is required. RP- I

fuel system equipment pipes and components may have a light film

resulting from a rust-proofing treatment which is not a contaminant.

d. Inspection No. 3 - Ultra-Violet ("Black Lig,-t").

Visual inspection with the aid of an ultra-violet light source

(2500 to 3700 angstrom units) shall be accomplishcd on all

accessible surfaces to determine the presence of petroleum-type

hydro., .-rbons.

Attention is callcd to the fact that al contaminants do not

fluoresce under u'tra-violet light and this test can be considered

onl, as an aid in deteccion of contaminat.on. The contractor's

personnel shall be yp alified in the use of the black light. Any

evidence oi fluoresicence snal, be cause for rcc1caning the item

or reverting to Referee Test No. 5, paragraph 3f. This inspection

requi rement iAs n~t yplacalbk(o to thc fucl sy.;tcrn.

e. Inspection Ni. . - , ,. T,,st.

The wipe tc.;t shail be d at each end of each clean .'iczion

of pipc and noimaiy acc ..,,ble interlor surfaccs of each cumpone-.t

using a new clean filter paper (Whatman No. 42, S and S No. b0Z,

or equal). This test shall c,,,sit of at least Iwo movements of the

filter paper across one sqaref lfool rf surface. No fluorescence

the previously described ultra-violct inspccuon. The area

-~--
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covered may be red ced :c nc ;.-.. ,.vh, :-e ,,-~all linies avA :-arts

are involved. .' roprescn;ative scnamie (:k l1"•.:') of the fil-er

papor used shall ba checked far Lluorescence ,nd particle count

prior to conducting this test. Any cvidccc o.: cc, tanrinatior. in

excess of the above-dcscribed limrits shall r'c, tahc item to be

recleaned and reinspected as outlined above. Wipe samples taken

from RP-1 fuel components are not to be rubjected to fluorescence

test.

Wipe test samples which include any ).A.ti,:ics in excCss of

the criteria mentioned in paragraphs 3a (2) at-,( 3a (3) above shall

cause component recieaning and reiniipecticn.

L Inspection No. 5 (Referee Tests) Infrared, -.u/or Gra'i:..ctric
Quantitative Measurement lo r Non-Vo._a,,e Hydr(r7,7( 7:r1on -C,
System Components. (eoFS pport or qival.t Test AgeicyT
Note: This test is applicablc onl'y to leai.e", compo--cnts al-. is
not to be utilized to determine system clean)liness.

"The permissible non-volatile hydrocab-n cortacmination in

any component tested in conformance with this procedure shail

not exceed Z.5 milligrams per square foot oi cnmpanent interr.al

surface area. In case the internal surface cann-ot be exactly corr.-

puted, the internal surface ar.a shall be estindated. The component

shall be prepared for this test, free from all postible sources of

hydrocarbon contamination. Evcrything usCd in dircct cuntact

with the component shall be free from hydrocarbon materiai, i.e.,

grease, oil, etc. The fluid or gas entrance ,nd exit ends of the

component, upon being removed fircm th;e system, shaAl be wiped

with dry, clean cloth or absorbent paper. T'.(- i.,ner surface, and

any flange surface vhich con-acts the syster- ,qxid or gAs shall not

be wiped. The ends of the component shall be covered with new

polyethylene film which snaill be taped in place in order to exclude

all contamination a.s above. An appropriate apparotuus. such as

the one described below, s;nall •e used for rinsing the comro"c;•t.

A large tripod otand b~ ail be co vdrcu wtr a A. Uri ý ' L.1 .4n.

tie foil rinsad twice with carbon tetrachloride or trlc1i.orocthy'ene.

6
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A large shcet of aluminum fol shall be placed over the tripod and

fashioned into a funnel to allow the carbon tctrachloridc or tri-

chloroathyluno to bo used for the rince wanh to run irno a beaker

placed beneath it. The funnel and the beaker shall be rinsed

twice with carbon tetrachloride or trichl'oroothylenc.. • The carbon

tetrachloride or trichloroethylene used for rinsing and analyris

shall be ACS or spectro grade or better with little or no absorp-

tion at 3.45 microns wave length and the alumijium toil shall be

new foil prcvi.ously checked for hydrocarbon contamination.

Both erads of the component shall be wiped with a clean cloth

or absorbent paper moistened with carbon tctrachloride or

trichlorocthylene. The component shall be placed upright on the

funnel. A carbon tetrachloride or trichloroethylene prewashed

glass wash bottle ernploling a glass spout shall be used to rinse

thoroughly the entire in.ier surface of the component. Approxi-

matcly 00 milliliters of carbon tetrachloride or trichloroethylene

per square foot of inner surface shall be -used. The effluent

solvent shall be examined by either of the followir.g, or equivalent

methods:

(1) The collce.ted carbon ettrachloride shall be measured and
then analyzed as is, diluted, or concentrated as required
by the analytical calibration curve liniitations, The abLorp-
tion at 3.45 rnm:rons shall be recorded and the corresponding
concentration obtained from the analytic..l curve. This
concentration is then used in calculating the results. Rocket
fuel, RP-l, MIL-R-Z5576B, shall be used as the calibration
standard. If concentration of the sample is required, a
blank of the reagent carbon tctrachloride shall be concen-
trated equivalently and analyzed. Any hydrocarbons found
in the blank :hall be included in the calculation. Results
shall be reported as milligrams of RP-1 per square foot of
total washed surface of the component.

( Z) T•,:.• cc ,,•,, ,car':or ... :~.. ,.d.."t~ .Q (~ '& ..

C .' 1. i d e o ' r" 0'1" t ;c, ': L, " e'.,!-a'),', ' . .. ,c ',rd. .: h o " t '--. .... * :] ,y .;,( *;•..''" :.'~ o*d,. . .-'

M il.iigrarn-s of RP- I p;'c s'uare ., uot of thek totP" i:n.r ';ace
of . 'n1ponent.

7
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(3) Calculations. - M4.1ligrarns r," R.P-I per i;quare ioot of total
inner surface of the cornponent shall be ,-alctilated by the
following equation:

0

(Milligrams RP-l per Milliliter) x Milliliters of Solution
SSquare Feet o?'Surfa-e K"r-ea RlnsccL--------

Milligrams of RP-I per Square Foot

g. Certification.

Each component or component package which has bcen

processed in accordance with this specification shall have attached

evidence showing it meets cleanliness requirements. Evidence

shall consist of a tag, label, or stamp incorporating the appropriate

part cleanlinct s identification (reference para,!raph 3h) the date

of acceptance and the nam.-- or starrp of the responsible inspector.

The tag. label or stamp shall be affixed in a manner that it will

be destroyed should the contm.mination seal on the comporcnt be

broken.
I

h. Parts Cleanliness Identffica¶.ion Instructions:

(1) LOX Compatible Cic-n - Those items that have been cleancd,
tested, inspected, identified and packaged so that they arc
suitable for installation into gaseous and liquid systernb that
come into contact with LOX.

(2) S .ecial Clean - Those items that have been cleaned, tcstcd,
inspected-, idcntificd and packaged so that they are sulaolI
for installation into gascou s or liquid systems that do not
come into contact with LOX. either directly or indirectly.
No test is required for hydroc.,rbon. This applies to RP- I
fuel and hydraulic cornponcri, ;.

(3) Hydraulic Clean - Those items which are not functional can be
Iidentified as either Special Clean or Hydraulic Clean.

(4) Normal Clean - Those items which are not identified in (1)
through (3) above.

6
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4.0 SYSTEMS INSECTION. (GROUND SYSTEMS ONLY)

The syterm shall be judged clean wher. the permissible contarninatio

limita qjuotcd below ;%rc met. Thu liquids or gaaar unod during clc.anli-

ness testing sh~.ll comply with the latest issue of applicable military or

ozhur specifications mentioned in paragraphs Za and Zb. All liquid and

gases used during cleanliness testing, except RP-l fuel, shall be filteret

through 40 micron absolute rated filters. These filters shall be located

in the fill line Oetween the transport vehicle and the fill connection into

the system. RP-I fuel shall be passed through a 40 micron absolute or

less filter dewatering unit.

The permissible contamination limits are defined in terms of total

contaminants; i.e., test fluid contaminants plus system hardware con-

taminants in the effluent from the system and determined by laboratory

analysis.

a. Liquid Oxyen, Gaseous Nitrogen and Helium Sy stems, Permissible
"Contamination Limits by Gas Tlowd'wn-iest.

The contamination permitted entrapped on the filter pad of a

blow horn (or equal) or in the test fluid effluent of a pressure bomb

sample arc as follows:

Hydrocarbon. - The filter pad will be inspected with black light.
Flu'rescence of fibers and solid particles which do not exceed the
maximum size criteria will not be cause for system rejection.
Fluoresence of filter pad stains or entrapped globules will be cause
for further analysis for positive hydrocirbon determination. If
the stains and/or globules arc determined to be hydrocarbon the
system will be rejected.

Total Hydrocarbon Z'pprn by weight - increase in effluent over
influent

Particle Distribution Size. Micron Number

Solid Particles Greater than 1000 0

Fibers Greater than 6000 0

9
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b. RP-l Fuel Systems. Pcrmissible Contamination Limits. Criteria
for Contamination Permitted in Effluent are as Follow...

Particle Distribution Size. Micron Number

Solid Particles Greater than 1000 0

Fibers Greater than 6000 0
length

Water Content No increase in free
water over RP-l as
delivered to system

c. Certification.

Each systemn which has been inspected in accordance with.this

specification shall be accompanied by evidence showing it meets

cleanliness requirements. Evidence shall include the date of

acceptance and the name or stamp of the responsible inspector.

5.0 CRITERIA FOR CONTROL OF PROPELLANTS AND SERVICE GASES.

This criteria governs the contamination permitte'd in the sample

taken from missile fluids.
I

a. Sampling:

(1) Licuid Oxygen:

(a) Transport Vehicle. - No sample analysis is required if
the agency supplyilng the LOX delivers a certified
laboratory report or acceptance tag with the liquid
container showing that the appropriate military speci-
fication has been met. In these cases where liquids
are off-loaded from rail cars or other storage vessels,
a sample ývill bc taken immediately after transferring
and forwarded to a liboratory for compliance with the
use limits in section 5b. No particle size check will
be performed unless special justification is presented
to the local ACO.

(b) Launcher Storage Vessel - Sampling will bc accomplished
"immediately after each fill operation and immediately
after each Dual PropellantLo.ading (DPL). The criteria
contained in the use limits will be used to judge the
!.VI ,A CA 'r; Ltcc in sarnp-4lc taken.

10
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(2) Liquid NiLrogc;,: Same as 5a (1i (a) only'.

(3) RP-I Fuel:

(a) Tranonrt Vihiclu .. No sarnpla analysis to rcquiicd if tho
agency suplpfy-n, the Ri1-1 de,,livers a certified labira-
tory. report or acceptance tag with a s.-aled fuel trailer
showing the appropriate military spccfication that has
been met. If the certified laboratory report or
acceptance tag is missing, the fuel will be sampled for
complian.e with the use limits in section 5b. No
particle check is required. All fuel must be trans-
ferred to the launcher sto:age vessel through a filter
and dewatering uiit.

(b) Launcher Storage Vessel (Atlas D and E, Titan I,
"R'and 1)) - At each 30iay period a saj•'1 e of" c- Will
be taken and checked for compliance with the use lin-mits
contained in 5b. Recirculation through the dewatering
unit is mandatory at any time the water content exceeds
criteria listed in 5b.

(c) Aboard Missile Storage (F Series) (Titan I) - Each time
the missile is defucled or not to exceed six mont.i-s, all
RP-I fuel will be circulated through the dewaterin.-
unit. At no time will fuel be transferred aboard #6he
missile for storage if the total water content exceeds
15 PPM.

(4) Service Gases - A sample may be taken for compliance with 5b.

b. Use Limits:

Hydrocarbon
Content (PPM) PMM Dew Point
(by Weight as Acetylene at I Atmos-

Fluid Carbon) Content Purity ,here Total Solids

LO 75 1.5 99.5% -63.5 0 F 2.5 mg/liter

LINE 75 1.5 99.5% -63.5 0 F 7.5 mg/liter

GOz 75 1.5 99.5% -63.5 0 F .01 mg/iiter
at S. T. P.

GNZ 75 1.5 99.5% -63.50 F .01 mg/liter
at S. T. P.

Helium 75 1.5 99.0% -63.5 0 F .01 mn/litcr
%. S.' '.,i.

RP-l 1.5 rng/litcr

11
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Water - There shall be no visible evidence of water.

API Gravity - Min. 420. Max. 450.

Flash Point - Min. I lCOF.

ILI
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